Abstract: Scattered expansion of European black pine (Pinus nigra Arnold) has been observed above the current timberline in the central Apennines. We aimed to detect possible common pattern of structure and growth dynamics of pine regeneration in treeline sites. Over 700 black pine samples growing above the timberline were sampled at four sites in the limestone Apennines of Marche and Abruzzo regions. For each tree we measured basal stem diameter, total height and annual height increments; a wooden core was extracted from the stem near the ground for cambial age determination and detection of intra-annual density fluctuations (IADF). We used multivariate analysis to assess patterns of the main tree structural attributes and dendrochronological analysis for age structure and growth dynamics. Expansion of European black pine started about 35 years ago featuring similar germination peaks, tree structure and growth patterns in all the sites. IADF have similar frequencies and peaks and occur in mid-late summer. These similar patterns occur at all sites besides the local differences and grazing histories suggesting the presence of an overall climate driver.
INTRODUCTION
In the central Apennines the timberline is usually composed by Fagus sylvatica L. forests located between 1500-1800 m a.s.l. At other sites extensive black pine plantations, created for slope-erosion control, form the new anthropogenic timberlines.
Several studies proved that the upward shift of beech forests in the central Apennines is a very slow or blocked process. However a consistent natural expansion of black pine has been documented above its altitudinal range of 800-1500 m a.s.l. This advancement is a complex process started over 35 years ago and controlled by synergic factors such as grazing pressure, climate, topography, seed availability, dispersion and germination efficiency [1] . In this research we aimed i) to detect possible common patterns of pine expansion process in the four sites, ii) to date the process and iii) to assess the role of climate.
Tree-ring and climate relationships are not easily detected with short tree-ring series, so we used the presence of intraannual density fluctuations (IADF) to assess possible climate influences [2, 3] . These are significant alterations of cambial activity and useful indicators of tree adaptation to changing environmental conditions.
MATERIAL AND METHODS

Study Area
In the central Apennines we selected four study areas above the timberline ( 
Sampling Design and Data Analysis
In each site all pine trees encountered between the timberline and the mountain top were mapped with a GPS device and sampled: 72 at ACU, 181 VET, 254 SFR and 151 SIR. For each tree we recorded the following parameters: tree vigor with class 1 (not damaged) to 5 (dead), root collar diameter, total tree height, crown shape, length of stem internodes and needle age. For age determination and treering analysis we also extracted one basal core with a Pressler borer from all individuals having a stem diameter ≥ 4 cm. Tree-ring width measurements at 0.01 mm accuracy were provided by LINTAB and WinTSAP (Rinntech). We sampled and measured 429 cores (150 VET, 68 ACU, 112 SFR and 99 SIR).
To explore the correlation structure of the eight variables of tree structural attributes and to highlight underlying differences between the four sites, we applied a principal component analysis (PCA) using the PC-ORD 6 statistical package. The statistical significance of the ordination analysis was tested by the Monte Carlo permutation method based on 10000 runs with randomized data.
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where N is the number of trees in which the IADF were present, and n is the number of observed trees. Since changing the samples depth can generate a bias in the variance of the frequency series an adjusted IADF frequency has been computed:
where f is the stabilized IADF frequency.
RESULTS
Trees Structural Attributes and Age
Most black pine trees are located between 1700 and 1800 m a.s.l., but some reach higher elevations at VET (2000 m a.s.l.) and SIR (2155 m a.s.l.). The cambial age frequency distribution reveals that the pine recruitment started in the mid 1970's at SFR, SIR and VET and a few years later at ACU. At all sites the germination trends have normal distribution with main peak frequencies between 1992-2002, at SFR these are shifted forward (1998) (1999) (2000) (2001) (2002) (2003) .
The PCA on pine structural attributes revealed a high within sites variability, however the short distance in the ordinal environment between their centroids suggested minor differences between them. This is confirmed also by the high overlay of their convex hulls (Fig. 1) . Very similar are SIR and VET with larger and slightly older saplings. SFR has a different pattern due to the abundance of younger trees. The needle age is positively related to tree vigor and both variables are totally uncorrelated to tree size. The first two principal components were significant (p < 0.001, Monte Carlo test) and accounted for a cumulative 67.1 % of the overall variance.
Distribution of Intra-Annual Density Fluctuations
All the detected IADF are earlywood-type cells in the latewood band, near the tree-ring external borders, revealing that cambial activity first decreased or stopped during late summer drought and then recovered during late summer and early autumn. Distribution curves are unimodal except for SIR, with maximum peaks in 2003 for VET and SFR and 2004 for ACU and SIR (Fig. 2) . The year 2003, has been among the warmest ones of the last centuries across Europe. 
DISCUSSION
The expansion of black pine above the current timberline in the central Apennines is a spontaneous process but linked to the presence of pine plantations. Pine upward expansion, even in these two new sites, confirmed to be a synchronic wave with peaks occurring between 1996 and 2000 and decreasing trend in following years [1] . The site features and 
